, the phenomenon that animals differ systematically in their behaviour in a manner that is individually stable across a variety of contexts. In nature, leadership seems to be a personality trait that is correlated with general activity level, aggressiveness and boldness 3 . Johnstone and Manica provide a neat explanation for the emergence of individual differences in leadership, but it is an open question how such correlations between leadership and other personality traits have evolved.
The type of model presented by Johnstone and Manica sacrifices realism for conceptual clarity and analytical tractability. It remains to be seen whether the results are robust when more-realistic assumptions are incorporated or more-complex strategies are considered. For good reason, the authors have assumed that the players do not differ in features such as knowledge and power. In more realistic settings, asymmetries between the players will undoubtedly occur; such asymmetries can help to solve a coordination problem 6 . Moreover, even in symmetrical settings, differences in leadership will not necessarily evolve if more-complex strategies are available. An example can be taken directly from the authors' experimental work 7 : sticklebacks that have diverging preferences take turns in leadership, rather than specializing in the roles of leader and follower. Perhaps most importantly, a group of individuals engaging in prolonged interactions can be expected to learn each others' characteristics (for example, their degree of leadership). It would be worthwhile investigating how the evolutionary outcome would change if individuals could signal their leadership tendencies -as humans clearly do.
This work 1 may be criticized for its restricted view of leadership. One could argue that the 'leaders' in the model do not really lead, but simply refrain from following others. Leaders are defined as being stubborn, refusing to react to their fellow group members. Accordingly, the evolution of differences in leadership in this model bears some resemblance to the evolution of individual variation in responsiveness 8 and social sensitivity 9 seen in other models. In reality, there are more dimensions to leadership, and it is not obvious that stubbornness and antisocial behaviour are characteristic features of leaders. In African elephants, for example, the most responsive and socially sensitive individuals have the highest propensity to become leaders of the herd 10 . Johnstone and Manica's concept of leadership seems to be most easily applicable to fish shoals and other anonymous societies. Still, even for highly structured social systems such as those of humans and elephants, their insight provides clues to how intrinsic differences in leadership could evolve as a 
he amino-acid sequence of a protein is specified by combinations of 64 trinucleotides (or codons) in the corresponding messenger RNA. Of these, three codons, known as termination or nonsense codons, signal the end of protein translation. Sometimes, however, rather than stopping protein synthesis, the translation machinery decodes a termination codon as an amino acid in what is known as nonsense suppression. On page 395 of this issue, Karijolich and Yu 1 report an artificial way of inducing nonsense suppression -through post-transcriptional conversion of the uridine residue in termination codons into its isomer, pseudouridine. This finding raises fundamental questions about the biochemistry of protein synthesis and has implications for treating genetic diseases.
Translation takes place in cellular organelles called ribosomes, in which each mRNA codon is matched with the anticodon of an aminoacyl-tRNA. The latter is a transfer RNA that has been loaded by its cognate aminoacyltRNA-synthetase enzyme with the amino acid corresponding to its anticodon. None of the tRNAs has anticodons complementary to the termination codons; normally, proteins called release factors (RF1 and RF2 in bacteria, eRF1 in eukaryotes) recognize the nonsense codons. But if a tRNA undergoes a mutation in its anticodon such that it becomes complementary to a termination codon (and if this mutant tRNA is otherwise recognized normally by its amino acyl-tRNA synthetase and the rest of the translation machinery), it might lead to misinterpretation of the termination codon.
Indeed, such nonsense suppression by mutated tRNAs is well documented 2 . The findings of Karijolich and Yu 1 are surprising, however, because of their significance for the mechanism by which release factors are thought to recognize termination codons, and because of the structural similarity between pseudouridine (Ψ) and uridine (U).
The crystal structures of the bacterial ribosome with its release factors caught in the act of recognizing termination codons 3, 4 indicate how RF1 and RF2 recognize the U of all three termination codons (UAA, UAG or UGA): chemical groups in the backbone of these release factors seem to form hydrogen bonds with groups on the face of U that normally participate in hydrogen bonding with another nucleotide -the Watson-Crick face. 
a carbon-carbon, rather than a carbonnitrogen, glycosidic bond and an imine (NH) group that it projects into the major groove of the RNA, the Watson-Crick faces of these two residues are identical (Fig. 1) . Thus, release factors should be insensitive to conversion of the termination codons to ΨAA, ΨAG or ΨGA.
What, then, is the property of Ψ -other than its ability to form Watson-Crick base pairs -that gives rise to nonsense suppression? Ψ binds water through its major-groove imine group, and this hydration makes Ψ-containing RNAs stiffer 5 . It could be that, when the release factors bind the Ψ-containing mRNA, the increased energy needed to de hydrate this modified mRNA results in nonsense suppression. Alternatively, nonsense suppression could be a consequence of the greater difficulty in unstacking the isomer-containing termination codon from the previous codon as the isomerized codon is brought into the 'reading' position on the ribosome. Regardless of the physico-chemical basis, however, the new results point to a crucial role for factors other than Watson-Crick base pairing in the recognition of termination codons.
Karijolich and Yu demonstrate nonsense suppression through pseudouridylation of termination codons both in vitro and in yeast. When the authors characterized the proteins synthesized following nonsense suppression, they uncovered another surprise. Rather than incorporating a random amino acid at the site occupied by the isomerized termination codon, the translation machinery specifically incorporates either serine or threonine at ΨAA and ΨAG, and either tyrosine or phenylalanine at ΨGA. This observation is noteworthy because, although the two sets of amino acids have chemical commonalities (threonine and serine both have a hydroxyl group, and tyrosine and phenylalanine share a phenyl ring), the anti codons of tRNAs for the four amino acids do not show any obvious complementarity to the termination codons. Mechanistically, this implies that pseudouridylation of termination codons leads not only to a loss of recognition by release factors, but also to a gain of recognition by specific aminoacyl-tRNAs. The fidelity of normal translation is enhanced through a proofreading process in which the accuracy of codon-anticodon pairing is communicated across the ribosome to the amino-acylated (acceptor) end of tRNA. Perhaps pseudouridylation of termination codons also affects this process.
Site-specific enzymes called pseudouridine synthases produce Ψ from U residues of cellular RNAs 6 . Eukaryotes and archaea have a versatile class of pseudouridine synthases called H/ACA ribonucleoproteins (RNPs) 7 . These complexes have their four core proteins in common, but each assembles using one of many different RNAs (containing evolutionarily conserved sequence elements called H and ACA). The RNA component is called a guide RNA because it has a stretch of nucleotides complementary to the sequences that flank the uridine of the substrate RNA targeted for pseudo uridylation. This sequence complementarity is necessary and sufficient for directing the H/ACA RNP to pseudouridylate a cellular RNA in vivo.
Karijolich and Yu 1 used a custom-designed H/ACA guide RNA to target termination codons for pseudouridylation in their yeast experiments. The authors point out that this would also be an attractive approach to treating genetic disorders that result from pre mature termination of translation. Indeed, more than a third of genetic disorders and many cancers are due to mutations that introduce premature termination codons 8 . So, rather than having to correct the mutation at the level of DNA, all that is required would be delivery of an H/ACA guide RNA to pseudouridylate the defective mRNA.
More broadly, it is possible that nature is already using this kind of 'gene therapy' to increase the coding capacity of genomes. 
Microscopy of the macroscopic
The presence of magnetic moments in materials known as Kondo lattices can lead to an exotic transformation in their properties. The first successful endeavour into imaging such a transformation has now been made. See Letter p.362
he availability of electron microscopes after the Second World War made it possible to image life at the subcellular level, prompting a revolution in cell biology. Today, a new type of microscope that images electrons at the quantum level -the scanning tunnelling microscope -is helping to drive a revolution in condensed-matter physics. But whereas biologists look on the microscope as a path to greater understanding of life at the microscopic molecular level, physicists are increasingly seeking to use it to elucidate the emergent, macroscopic properties of electrons, such as high-temperature superconductivity and magnetism. On page 362 of this issue, Ernst et al. 1 use the scanning tunnelling microscope to image the profound transformation that a metal structure known as a Kondo lattice undergoes as it dissolves a lattice of magnetic moments.
A scanning tunnelling microscope uses the quantum-mechanical nature of electrons to image the electronic organization in metals. Although electrons lack the energy to escape from a metal, when a sharp metal tip is brought within a few ångströms of another host metal, electrons can quantum mechanically tunnel through the vacuum between the two. The tunnel current that this generates is determined by the number of available electron states in the host metal with energies up to a voltage applied between the two metals. So by measuring the current as a function of applied voltage, one obtains the detailed electron energy spectrum of the host metal at the tip location (Fig. 1) . Modern scanning tunnelling microscopes allow one to scan the tip across the metal, gradually building up a spatial profile of the electron energy spectrum with subångström resolution. The development of the control and isolation technology necessary to hold a tunnelling tip with subångström fidelity, even as the temperature is varied, has taken several decades of development, but today the
